We have investigated electron transport in Nb doped SrTiO 3 single crystals for two doping densities. We find that the resistivity and mobility are temperature dependent in both whereas the carrier concentration is almost temperature invariant. We rationalize this using the hydrogenic theory for shallow donors. Further, we probe electrical transport across Schottky interfaces of Au on TiO 2 terminated n-type SrTiO 3 . Quantitative analysis of macroscopic I-V measurements reveal thermionic emission dominated transport for the low doped substrate whereas it deviates from such behavior for the high doped substrate. This work is relevant for designing devices to study electronic transport using oxide-semiconductors.
Probing electron transport across a Schottky interface between a metal and an oxide semiconductor is vital to the development of oxide electronics. Such studies can yield important information on the mechanisms prevalent in interface transport and are relevant to devise methods and engineer energy band profiles in devices exploiting these materials. Electrical transport across conventional semiconductor(as Si)/metal Schottky interface is well established and described by thermionic emission theory for moderately doped semiconductors, whereas for heavily doped semiconductors, quantum mechanical tunneling is the dominant transport process. [1] Although such physics of charge transport across a Schottky interface between metal and Si is well understood, the underlying mechanism of electrical transport across an interface with oxide semiconductor as doped SrTiO 3 is not.
In this context, it should be mentioned that transport in oxide heterostructures with undoped SrTiO 3 (STO) has led to the observation of unparalleled physical phenomena in condensed matter. [2] [3] [4] [5] However, research related to transport in electronic devices utilizing doped STO has recently gained momentum. SrTiO 3 is a band gap insulator and it's electrical conductivity can be tuned by either substituting La 3+ (acceptor) for Sr 2+ or Nb 5+ (donor)
for Ti 4+ giving rise to p and n type conduction respectively. [6] In this work, we have studied electronic transport in doped STO for Nb doping of 0.01 wt % and 0.1 wt % (Nb:STO), over the temperature range 100 K to 300 K. For both cases, we find an almost temperature invariant carrier concentration but a strong temperature dependent resistivity exhibiting a power law dependence (unlike that found in conventional semiconductors). A hydrogenic theory of shallow donors with a temperature dependent dielectric permittivity in STO explains the behavior well. Further, using such well-characterized substrates, electrical transport across an interface with a high work function material as Au, was studied at room temperature (RT), using current-voltage (I − V ) measurement. Analysis of the forward-bias characteristic reveals an exponential dependence, consistent with thermionic emission over the Schottky barrier and negligible current in the reverse direction, at RT. However, deviation from this behavior is observed for transport across the Schottky interface with 0.1 wt % Nb doping and accompanied by a larger reverse-bias current. The I − V characteristics for both the Schottky interfaces exhibit a hysteretic feature.
For this work, we used commercially available 5×5 mm 2 Nb:STO (001) single crystals with 0.01 wt % and 0.1 wt % of Nb doping. In all cases, the substrates were treated using a standard chemical protocol [7] followed by annealing at 950 The temperature dependence of resistivity and Hall coefficient were measured in the van der Pauw configuration, using a Physical Property Measuring System (PPMS by Quantum Design) from 100 K to 300 K. The resistivity and carrier density thus obtained are used to extract the mobility of the charge carriers in Nb:STO using ρ(T ) =
. suggests the role of electron-phonon scattering due to the strong ionic nature of the lattice.
It could be related to the temperature dependence of , which implies effective screening of the ionized impurity scattering centers resulting in a metal-like behavior. [11, 12] Further, we have studied the electrical transport across an interface between a noble metal as Au and such well characterized Nb:STO substrates. Earlier studies on such substrates highlighted the necessity of special surface preparation protocols for studying electrical transport across such interface. [13] [14] [15] However, we use singly terminated (TiO 2 ) Nb:STO substrates, with a large area Ti/Au ohmic contact to study electrical transport across the interface between Au and Nb:STO at RT. bias is applied to Au. The I −V characteristic in Fig. 3 (a) shows a clear rectifying behavior at RT with the sign of rectification as expected for a Schottky junction between a n-type semiconductor and metal. The forward bias characteristic on a semi-log scale shows a linear increase with bias whereas almost no current flows in the reverse bias. The linear increase and strong asymmetry in I is consistent with thermionic emission over the Schottky barrier. The Schottky barrier height (SBH) at zero bias and the ideality factor (n) was obtained from the I − V plots by fitting the forward bias characteristics using the thermionic emission theory [1] for both cases:
Here A * , the Richardson constant is assumed to be 156 Acm 
